Summary.
Panoramic and conventional electron microscopic examinations were conducted on the mouse gastric mucoua with special reference to the distribution of immature forms of chief and parietal cells.
Immature chief cells were occasionally present as high as the transitional region between the isthmus and neck of the gland, although their main localization was at the uppermost part of the base. Immature parietal cells were found in the lower part of the isthmus and throughout the neck. Cells at the same stage of maturation were often present side by side. Some cells in the neck, showing the characteristic morphology of immature parietal cells, also contained mucous granules resembling those in the mucous neck cells (intermediate cell) . These findings suggest that: 1) a chief cell may be formed by direct differentiation from the stem cell in the isthmus as well as by possible maturation of the mucous neck cell and mitotic division of the immature chief cell itself; and 2) a parietal cell can be formed in the lower part of the isthmus and throughout the neck by direct differentiation from the stem cell or by mitotic division of the cell already determined to be a parietal cell as well as maturation of the intermediate cell.
The gastric mucosal surface and foveola are lined with surface mucous cells. The gastric gland proper, which opens to the bottom of the foveola, is divided into 3 portions -isthmus , neck and base--on the basis of differential cell populations (PLENK,1932; STEVENS and LEBLOND, 1953) . The isthmus is also called the generative zone because of the presence of actively proliferating immature cells (isthmus cells) (STEVENS and LEBLOND, 1953; MESSIER and LEBLOND, 1960; HUNT and HUNT, 1962; MACDONALD et al., 1964; KAKU,1966) , usually intermingled with parietal cells. The neck consists of mucous neck cells and parietal cells, while chief cells and a few parietal cells form the base. The fine structure of each cell type has been well elucidated (ITo,1967; HELANDER,1981) . Cell kinetic studies have revealed that surface mucous cells are formed in the isthmus and migrate along the foveola to the mucosal surface, while other types of cells migrate downward from their generation sites: mucous neck cells from the upper to lower part of the neck; chief cells from the upper to lower part of the base; and parietal cells from the isthmus toward the lower part of the base (HATTORI, 1974; HATTORI and FUJITA, 1976) . Through panoramic electron microscopic observation of This study was supported in part by a Grant-in-Aid for Special Project Research from the Ministry of Education, Science and Culture, Japan. 321 the mouse gastric mucosa, the fine structural maturation of each cell type was seen to occur concomitantly with cell migration, although there were some disorders in localization of glandular cell types (KATAOKA and SAKANO,1984) . The present study more precisely clarifies the localization of immature chief and parietal cells while revealing some new aspects on the renewal of these cell types.
MATERIALS AND METHODS
Adult male ICR mice, fed ad libitum, were used for this study. Under Nembutal anesthesia, the animals were perfused with 2.5% glutaraldehyde fixative (cacodylate buffer, pH 7.4) from the left ventricle, and the stomach was removed. The gastric cavity was opened by anterior wall incision, and the gastric contents were washed out by the same fixative.
Tissue blocks, obtained from the body of the stomach along the greater curvature, were further fixed overnight with the glutaraldehyde fixative at 4°C, postfixed with 1 % osmium tetroxide (cacodylate buffer, pH 7.4) for 2 hrs at 4°C, dehydrated by ethanol and embedded in Epon 812 resin. Ultrathin sections, parallel or perpendicular to the mucosal surface, were doubly stained with uranyl acetate and lead citrate.
For panoramic observation, the sections were examined in an Akashi LEM 2000 superwide-field electron microscope. Electron micrographs were taken at x 430 in direct magnification and enlarged photographically.
For conventional electron microscopy, the sections were examined in a Hitachi HU-11D or H-300 electron microscope.
The specimens obtained from young mice (postnatal day 28) were also processed as described above and examined by conventional electron microscopy.
RESULTS
As shown in the previous study , the so-called isthmus cells were primarily an immature form of surface mucous cells containing a few dense granules at the cell apex. The cells gradually matured in their fine structure concomitantly with their upward migration to the mucosal surface. A very few undifferentiated cells were seen at the transitional zone between the isthmus and the neck. Some cells which contained a few dense granules but could not be identified as a surface mucous or mucous neck cell were also present in this region. At the upper part of the neck, mucous neck cells had some dense granules.
As the cells migrated downward, these mucous granules multiplied and their content became less electron dense.
Chief cells appeared immature at the top of the base; the cells were small and zymogen granules were also small in both number and size (KATAOKA,1970; . Possible transitional cells between mucous neck and chief cells were also seen in this region (KATAOKA and SAKANO,1984) . They contained both mucous and zymogen granules and/or granules of heterogenous content. With the downward migration to the bottom of the gland, the chief cells enlarged with abundant rough endoplasmic reticulum and many zymogen granules. A few immature chief cells were sometimes present in the neck ( Fig. 1-3 ). Occasionally, an immature chief cell was seen as high as the transitional zone between the isthmus and the neck (Fig. 1, 3 ). In such a case, a row of maturing chief cells continued throughout the neck to the base. In young mice, immature chief cells were found just beneath the isthmus and at the top of the base more frequently than in adult animals (Fig. 4) . Possible transitional cells between mucous neck and chief cells were also seen more often.
Mature parietal cells were present in the isthmus, neck and base, although their population density was highest in the neck . They did not make intercellular contact with each other, instead, thin cytoplasm from other cell types was intercalated between them (Fig. 3) . The cell surface and intracellular canaliculi were covered with characteristic microvilli. The cell had numerous large mitochondria and tubulovesicular elements, variations in the amount of which might depend upon the functional state of the cell (ITO and SCHOFIELD, 1974) . Immature parietal cells were seen in the lower part of the isthmus and in the neck (Fig. 1, 2) . Unlike mature parietal cells, immature parietal cells at the same stage of maturation were often arranged side by side without any intervening cytoplasm of other cell types. Similarly, direct contact was sometimes found between immature and mature forms of parietal cells. The most immature form of the parietal cell could be identified only by characteristic micro- villi at the cell apex ( Fig. 5a ; KATAOKA, 1970) . The intracellular canaliculi gradually developed, mitochondria became larger and more numerous, and tubulovesicular elements increased (Fig. 3, 5b) . In young mice, immature parietal cells were present more frequently than in adult animals. Intermediate cells, which exhibited the fine structure of the immature parietal cell and contained granules resembling those in the mucous neck cell simultaneously, were present in the neck (Fig. 1-3, 6, 7) . On the other hand, mucus-like granules were usually small in number and present at the cell apex and near the intracellular canaliculus. The Golgi complex was small and the formation of mucus-like granules in it was rarely encountered.
Lysosomes, which were about the same size as mucus-like granules, were often found, although crynophagy was not evident. 
DISCUSSION
The fine structure of the four types of epithelial and glandular cells of the gastric mucosa, i.e., surface mucous cells, mucous neck cells, chief cells and parietal cells, has been well described (ITO, 1967; HELANDER, 1981) . Ultrastructural changes have been noted in each cell type during its maturation in the physiological renewal process (KATAOKA, 1970) . By panoramic observation using a superwide-field electron microscope, it was clearly demonstrated that the cells are placed in the order of their maturation stages along the superficial-deep axis of the mucosa . The present study confirms the results that surface mucous cells mature in their fine structure during migration from the isthmus to the mucosal surface, while mucous neck cells increase in maturity from the uppermost to lowermost part of the neck. In addition, some new findings were observed in chief cells and parietal cells.
Immature chief cells could uptake 3H-thymidine and undergo mitosis in the upper part of the base (KATAOKA, 1970; . Transition from mucous neck cells to chief cells was suggested by a cell kinetic study (HATTORI and FUJITA, 1976) as well as by the presence of transitional cells demonstrated with carbohydrate histochemistry at the ultrastructural level (SATO and SPICER, 1980) . By panoramic observation, such transitional cells are found to be present at the junction between the neck and base, and chief cells become mature with their downward migration from the upper to lower part of the base . The present study confirms these results. Moreover, an immature chief cell is found just beneath the isthmus, and a row of maturing chief cells is continuous along the neck to the base. In young mice, where chief cells are more actively formed , immature chief cells are present just beneath the isthmus and at the top of the base more frequently than in adults. Transitional forms between mucous neck and chief cells are also more numerous in young animals. These results suggest that; 1) chief cells are formed by either mitosis of their immature forms, maturation of stem cells in the isthmus or transition from mucous neck cells; and 2) chief cells become ultrastructurally mature with downward migration from their generation sites (the junctions between the isthmus and neck, and between the neck and base, respectively) to the lower part of the base.
The most immature form of parietal cells shown in the present and previous studies resembles the undifferentiated cell except for the presence of characteristic microvilli (KATAOKA, 1970; . Immature parietal cells occasionally uptook 3H-thymidine (CHEN and WITHERS, 1975; TAMURA and FUJITA, 1983; . Moreover, immature parietal cells in the same maturation stage tended to be juxtaposed in the present study, while mature parietal cells were not. This suggests that many parietal cells are formed by mitosis of that cell already determined to be a parietal cell, even if the cell could not be ultrastructurally identified in the parietal cell line. During maturation and migration, the parietal cells must be separated by other cell types entering between them. This coincides well with the results of cell kinetic studies in that the cells migrated by stochastic flow system in the gastric gland proper (HATTORI, 1974; HATTORI and FUJITA, 1976) . Immature parietal cells are located in the lower part of the isthmus and in the neck, while mature parietal cells are present mainly in the neck but also from the uppermost part of the isthmus to the bottom of the base , the present study). This indicates that parietal cells migrate either upward or downward from their generation sites, the latter being the principal direction of the migration. The mixed distribution of parietal cells in various maturation stages in the lower part of the isthmus to the neck may result from a rather wide distribution of generation sites, migration either upward or downward, or migration by stochastic flow system.
The presence of intermediate cells exhibiting the general fine structure of immature parietal cells yet also containing a few granules resembling those in the mucous neck cell, has been noted (TAMURA and FUJITA, 1983; ; the present study). Moreover, the present study revealed that the appearance of these cells was not exceptional, but rather their number was comparable with the number of immature parietal cells. Fine structural alterations of intermediate cells apparently occur in maturation stages of the parietal cell line. On the other hand, it is difficult to place these cells into maturation stages of the mucous neck cell line. These results suggest that intermediate cells are more likely to mature to parietal cells than to mucous neck cells. The fate of the mucus-like granules is not evident.
Exocytotic release and lysosomal digestion of the granules seem to be possible, since the granules gather just beneath the apical plasmalemma or in the vicinity of intracellular canaliculi.
However, the present study failed to demonstrate definite evidence of exocytosis and crynophagy.
It also seems possible that the granules remain Fig. 7 . The intermediate cell shown here (white circle with an asterisk) manifests features of the immature parietal cell rather than the mucous neck cell: namely, the intracellular canaliculi are considerably developed, the Golgi complex (G) is small without exhibiting mucous granule formation, and mitochondria resemble those in the mature parietal cell (P). A few mucous granules (arrows) still persist, but the lysosomal digestion of other granules is suggested (arrows L). x 6,400
in the cytoplasm even after the cell has acquired morphology characteristic of the mature parietal cell. It is also unknown whether intermediate cells are in the process of transformation from mucous neck to parietal cells as first described by HUNT and HUNT (1962) or directly formed from undifferentiated stem cells. The presence of very immature forms of intermediate cells even in the deepest part of the neck, where stem cells are rarely found in the adult, may suggest that the former is the case, if only partially.
In conclusion, the present and previous studies suggest that: 1) parietal cells are formed by either mitosis of their immature forms, maturation of stem cells or maturation of intermediate cells; and 2) parietal cells become ultrastructurally mature with either their upward or downward migration from their generation sites (the lower part of the isthmus and the neck) toward the top of the isthmus or the bottom of the base.
